Introduction: Familial frontotemporal lobar degeneration (f-FTLD) due to autosomal dominant mutations is an important entity for developing treatments for FTLD. The Advancing Research and Treatment for Frontotemporal Lobar Degeneration (ARTFL) and Longitudinal Evaluation of Familial Frontotemporal Dementia Subjects (LEFFTDS)
INTRODUCTION
Frontotemporal lobar degeneration (FTLD) is the overarching term for a group of neurodegenerative disorders that are associated with accumulation of protein aggregates in the central nervous system (CNS), most commonly comprising one of two major proteins-microtubule associated protein tau (abbreviated tau; shown in blue in Figure 1) and transactive response DNA-binding protein molecular weight 43 (abbreviated TDP; shown in orange). 1, 2 FTLD is at least as common as Alzheimer's disease (AD) in people younger than 65 years of age. [3] [4] [5] F I G U R E 1 Clinical and neuropathological classification of FTLD. TDP, TAR DNA binding protein 43; FUS, fused in sarcoma; 3R, 3 repeat; 4R, 4 repeat; CBD, corticobasal degeneration; FTDP-17, frontotemporal dementia Parkinsonism linked to chromosome 17; CTE, chronic traumatic encephalopathy; AGD, argyrophilic grain disease; MST, multisystem tauopathy; see text for additional abbreviations; italicized words are abbreviations for autosomal dominant genes that cause FTLD. (After Seeley et al.) to develop treatments for this devastating disorder. Although treatments are not yet available, there is great enthusiasm for a number of potential disease-modifying therapies, including anti-tau antibodies, tau aggregation inhibitors, microtubule stabilizers, progranulin modulators, and antisense oligonucleotides, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] with some agents already being tested in clinical trials (Boxer et al, special collection).
In preparation for clinical trials in FTLD, it is critical that the medical community develops tools for tracking disease states that are capable of dealing with the unique challenges in FTLD. Some of the most important of these challenges come from clinical and genetic diversity. Each of these syndromes is characterized by its own set of symptoms, signs, and abnormalities on neuropsychological testing. The complexity of FTLD is further increased through its association with genetic mutations, which occur in at least 20% of all FTLD patients and cause a dominantly inherited familial disorder (f-FTLD). The most common mutations associated with FTLD occur in the microtubule-associated protein tau (MAPT 23 ), progranulin (GRN 24 ), and chromosome 9 open reading frame 72 (C9orf72 or C9ORF72 25, 26 ) genes. These mutations together account for at least 50% of f-FTLD. 27, 28 Thus, far from being a single entity, FTLD actually represents a variety of clinical and genetic syndromes.
Another major challenge in FTLD is the absence of effective strategies for early diagnosis. In AD, the concept of mild cognitive impairment (MCI) revolutionized diagnosis and treatment by defining a clinical syndrome that often represents the early phase of disease. 29 
RESEARCH IN CONTEXT
1. Systematic review: The authors reviewed the literature using traditional sources (eg, PubMed) and meeting abstracts and presentations. 
Interpretation

HIGHLIGHTS
• Familial frontotemporal dementia (f-FTLD) is an important entity for drug development in FTLD.
• f-FTLD appears to show increasing rates of change as disease progresses.
• Patterns of change in f-FTLD will influence planning for clinical trials.
Delineation of MCI, combined with the development of biomarkers
for tracking the accumulation of CNS amyloid and tau, 30 the proteins that aggregate in AD, have led to clinical trials of disease-modifying treatments in this early phase of AD. 31 Furthermore, these biomarkers have spurred the development of models of disease evolution in non-AD disorders (Figure 2 ), which propose that prodromal, asymptomatic stages can be monitored with biomarkers and evolve into symptomatic stages wherein clinical measures can track progression. 32 Individuals who are likely in this prodromal stage of AD can now be identified, and are being enrolled in prevention trials. 33, 34 Such models should be equally relevant to FTLD. Although there have been attempts to define MCI-like stages in FTLD, 35 their sensitivity, specificity, and prognostic value for future decline have not been established. Furthermore, no biomarkers capable of identifying prodromal stages of FTLD have yet been developed. Here, we review data from recent studies that examine the applicability of the model in Figure 2 
ARTFL , LEFFTDS, AND FAMILIAL FTLD
In recognition of the need to advance toward treatment of FTLD, the National Alzheimer's Project Act (NAPA) Steering Committee on the Alzheimer's Disease-Related Dementias (ADRD) convened in 2013 and again in 2016, and made recommendations for research. 36, 37 The goals included (1) expanding efforts to genotype patients with One of the main goals for these studies was to characterize the natural history of FTLD, and f-FTLD is a critical part of this goal.
Members of these f-FTLD families can be recruited based on their family history, and thus, can be identified before symptom onset, providing information on the prodromal, early symptomatic, and fully symptomatic stages. f-FTLD mutation carriers are also highly attrac-tive candidates for clinical trials because treatment studies that enroll f-FTLD participants can be assured that every enrollee is affected by the targeted mechanism. In addition 
LATE STAGES OF DISEASE: SYMPTOMATIC FTLD
As highlighted in Figure 2 , current models of neurodegeneration propose acceleration into a rapid phase of decline in the symptomatic stage of illness. Several projects have examined longitudinal changes in symptomatic FTLD, and these have clearly demonstrated dramatic changes, well in excess of rates seen in cognitively normal individuals, and in many cases faster than the changes seen in AD. 39, 40 Such changes can be quantified using clinical and imaging measures, [41] [42] [43] [44] [45] [46] [47] and have provided sample size estimates for clinical trials. Because of variability across individuals, sample size estimates have been fairly large for some variants such as bvFTD (hundreds of people per arm in a double-blind, placebo-controlled study), whereas other variants such as svPPA are relatively homogeneous, and thus can be tracked reliably with much lower numbers of subjects. Some studies have shown that sample size estimates can be reduced using methods to identify variables (for instance specific brain regions) that show the most consistent change over time, 48 or by enriching studies with patients more likely to decline using baseline predictors. 47 Most of this work has been done in s-FTLD, but results of several longitudinal studies of symptomatic f-FTLD have also been published, 46, [49] [50] [51] [52] [53] which have identified substantial changes, well in excess of normal. Thus, it is clear that the overt symptomatic stages of both s-FTLD and f-FTLD are characterized by accelerated rates of decline, similar to other dementias. Additional work is now necessary to identify the best markers for tracking these changes as efficiently as possible while accounting for the wide variation in clinical presentation.
In addition, ongoing work is attempting to identify CSF and bloodbased markers of disease state, and one protein that has emerged as valuable is neurofilament light chain (NfL), a neuronal cytoskeletal protein that is elevated in symptomatic FTLD and other neurodegenerative diseases. 54, 55 Longitudinal studies of NfL have indicated that it does not change much over time in patients with symptomatic s-FTLD, 56 but several studies have indicated that baseline levels of NfL can predict rates of future change across s-FTLD patients, suggesting that NfL is an indicator of the aggressiveness of an individual's disease. [56] [57] [58] Similar findings have been shown in f-FTLD. 59 These findings suggest that a reduction in NfL due to a drug could be a powerful indicator that the treatment will alter disease course in continued longitudinal follow-up. In addition, NfL can be used to enrich clinical trials with patients more likely to progress, thereby improving efficiency. One great advantage of NfL is that measurements from blood correlate well with measurements from CSF, and have similar predictive value. 58, 59 Several articles in the special collection of articles in Alzheimer's and In the absence of overt symptoms, brain imaging is an alternative measure that may track disease state. Several studies have shown that brain volumes, [62] [63] [64] white matter integrity, 53, 63, 64 functional connectivity, 62,65 perfusion, 66 glucose metabolism, 67 N-acetylaspartate/creatinine (NAA/Cr), and NAA/myo-inositol ratios 68 are reduced in asymptomatic f-FTLD compared with normal.
The analysis in Olney et al (special collection) also identified brain regions where a percentage of f-FTLD family members show reduced brain volumes, and these may be suitable for longitudinal tracking.
One of the notable findings, however, was significant variability in which regions were abnormal across participants, which means that choosing one region for all individuals would be difficult. This had been noted previously for the C9orf72 mutation, 50 
MID-STAGES OF DISEASE: TRANSITION FROM ASYMPTOMATIC/PRODROMAL TO SYMPTOMATIC PHASE
A major goal for study of all neurodegenerative disease is to predict and identify the time when an individual transitions from the prodromal to the symptomatic phase of disease ( Figure 2 ). This might be a critical period for starting interventions, which may also be used to delay or prevent this transition (see Boxer et al, special collection). Prediction of this transition is particularly problematic because there are no established measures that help with this prediction. Unlike mutations that cause familial AD and Huntington disease, for which age at onset in the family and genetic information significantly predict each individual's age at onset, 69, 70 age at onset in f-FTLD can vary dramatically, even within a family. 71 Recent work from ARTFL/LEFFTDS and other projects has begun to address this transition. One critical goal is to identify clinical features that signify when this transition might be occurring, and ARTFL and LEFFTDS have done significant work in this regard. In most prior studies of f-FTLD, participants have been described as being "asymptomatic" or "symptomatic." This categorization ignores that for most patients with neurodegenerative disease, the transition to the symptomatic phase includes a period of mild symptoms that are not sufficiently severe to interfere with function and can be difficult to separate from the normal spectrum of cognition and behavior. As noted earlier, this stage is often referred to as MCI. To categorize participants in a way that captures this early/questionable phase, the ARTFL and LEFFTDS studies use an approach based on the Clinical Dementia Rating Staging Instrument (CDR 72 ), which allows classification of each participant into mild/questionable (CDR = 0.5) or definite (CDR = 1, 2, or 3) impairment based on the participant's daily function. Although the CDR focuses predominantly on memory and executive cognitive domains, additional rating categories for language and behavior 42, 43 have been implemented by the National Alzheimer's Coordinating Center (NACC) to improve sensitivity to FTLD (CDR plus NACC FTLD). Regarding prediction of this transition, a previous study from GENFI indicated that cognitive performance on specific tests begins to deviate from normal (at the group level) about 5 years before symptom onset in f-FTLD, whereas brain volumes may become abnormally low about 10 years before symptoms. 38 This estimate was based on cross-sectional analysis of asymptomatic patients and modeling of disease evolution using an estimate of predicted age at onset based on the age at onset in other family members. As noted above, there is reason to doubt that this approach is sufficiently accurate in f-FTLD, and additional analyses are necessary to quantify its predictive value. One recent article sug-gested that brain imaging changes may occur closer to symptom onset (between 2 and 4 years) in GRN and MAPT carriers. 74 Studies highlighting tests or brain regions that become abnormal at the group level raise the issue of whether it might be possible to choose a single cognitive measure or single brain region for each type of mutation as an early indicator of evolving disease. Several articles in the special collection address the challenge of identifying markers of transition. Olney et al (special collection) examine the distribution of abnormalities on cognitive testing and brain volumes in the CDR plus NACC FTLD = 0 and CDR plus NACC FTLD = 0.5 stages, and show that there are no tests or brain regions where >80% of mutation carriers in these groups are abnormal (defined as a z-score ≥ 1.5 standard deviations [SD]from normal). This is consistent with prior observations indicating that f-FTLD mutation carriers may present with a variety of symptoms, 71 and suggests that it may be difficult to choose a single test or brain region for all carriers, even when focusing on one mutation. On the other hand, an article by Staffaroni et al 73 (special collection) examines the value of brain imaging as a predictor of decline using individualized maps of brain atrophy. They created a classification algorithm from atrophy maps based on CDR plus NACC FTLD = 0 and CDR plus NACC FTLD ≥ 1 mutation carriers and generated atrophy-based dementia prediction scores for each individual. In an independent sample of FTLD mutation carriers who had been followed longitudinally, they then showed that these atrophy-based scores improved prediction of conversion to CDR plus NACC FTLD ≥ 1 compared with models that only included age. Other prediction models using multimodal imaging and clinical data have also shown promising results. 75 These models were not customized for the type of mutation, an approach that will be tried as Cases of C9orf72 mutation carriers, in particular, have been described with very long and insidious courses of illness, 78, 79 but how representative these cases are of C9orf72-related disease overall remains to be studied.
Because fluid biomarkers such as NfL are associated with symptomatic FTLD and predict rate of decline, it stands to reason that rises in NfL may mark the transition to the symptomatic phase. Such a finding with NfL recently emerged from a large study of familial AD, 80 and cross-sectional studies have demonstrated that NfL levels are higher in symptomatic than in presymptomatic f-FTLD. 59 This will be examined more in ongoing studies of f-FTLD.
CONCLUSIONS
Data collected over the last decade supports the idea that common models of neurodegenerative disease, which propose low rates of change in clinical measures and biomarkers in the prodromal phase followed by acceleration of disease markers in the symptomatic phase, apply to FTLD. Large ongoing studies of f-FTLD have provided critical information about the prodromal phase. As these data have emerged, it has become clear that substantial continued development will be necessary to prepare for clinical intervention trials. In the symptomatic phase, despite rapid rates of decline overall, significant variability across people means that large sample sizes (given the relative rarity of FTLD) are required for studies that would use traditional designs and current measures. This problem is even more significant in the asymptomatic, prodromal phase, where rates of change are smaller.
These observations mean that new, creative approaches to trial design and more sensitive clinical measures and biomarkers will need to be developed.
A critical goal for treatment in the prodromal phase is to delay or prevent the onset of features, and studies are beginning to demonstrate that a combination of clinical and biomarker measures can help to predict when a person will develop FTLD features, but much additional work is needed to refine these models to the point where they are most useful. Detecting acceleration in clinical measures and/or biomarkers may become an important component of these models, and fluid-based biomarkers such as NfL may also enhance such models. One would predict that approaches that incorporate multimodal indices of FTLD evolution (ie, biofluid analytes, genetic variation, neuropsychological findings, imaging findings, and so on) will be particularly informative. 81 
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